Lhermitte-Duclos disease, also known as dysplastic gangliocytoma of the cerebellum, is an extremely rare cerebellar tumor characterized by an enlargement of cerebellar folia. Its etiology remains controversial. Imaging modalities, especially magnetic resonance imaging, contribute to establish a correct and accurate diagnosis with pre and postoperative assessment. The characteristic "tiger striping" appearance is pathognomonic. The recognition of this unusual and benign condition is particularly important, given the possible association with Cowden's syndrome and therefore the need to identify concurrent malignancies.To our knowledge, we describe a rare and unique presentation of histologically proven Lhermitte-Duclos disease associated with a frontal encephalocele surgically treated.
INTRODUCTION
Lhermitte-Duclos disease (LDD) or dysplastic gangliocytoma (DG) of the cerebellum is a rare pathological cerebellar entity with features of both hamartoma and benign neoplasm [1] .
It typically presents with chronic headaches, gait disturbance, and cranial nerve dysfunctions. Until recently, the diagnosis of LDD was made only postoperatively [2] .
Currently, the characteristic magnetic resonance imaging (MRI) features, avoid the need for a diagnostic biopsy [3] . It appears as nonenhancing lesion of the cerebellar hemisphere with a gyriform "tiger-striped" appearance. Surgical excision remains the mainstay of treatment [1, 2] . Over the past decade, the association with Cowden syndrome (CS) has been known with increasing frequency [4] .
To our knowledge, no instance of frontal encephalocele associated with LDD has been described thus far. Here, we report the first case of a frontal encephalocele in an adult patient with LDD.
CASE REPORT
A 37-year-old man was referred to our department for persistent and chronic headache associated with dizziness. On admission, neurological examination revealed a nystagmus, a cerebellar gait ataxia with tendinous hyperreflexia, and vibratory hemihypesthesia. The cognitive tests were normal.
Computed tomography scan showed a hypodense and nonenhancing left cerebellar lesion without calcifications compressing the brain stem and effacing the fourth ventricle, responsible for a passive triventricular hydrocephalus (Figure 1 ). In the left frontal sinus, there www.ijcasereportsandimages.com
was an isodense mass communicating with the cranial cavity through a posterior wall defect.
At the MRI, the cerebellar lesion appeared hypointense on T1-weighted sequence with linear striations. The lesion was hyperintense with areas of linear hypointensity on T2-weighted sequence, associated with a passive hydrocephalus. The parallel linear corresponding to the particular "tiger striping" aspect. Contrast-enhanced T1-weighted MRI showed no enhancement of the linear striations. On diffusion, there was a high signal intensity of the mass in weighted images. Sagittal MRI revealed a small tonsillar herniation up to the C1 posterior arch without any signs of syringomyelia ( Figure 2 ). The spectroscopic analysis revealed an increased Cho/Cr ratio, lactate peak, and reduction in the choline peak.
Magnetic resonance imaging demonstrated also, a frontal sinus mass isointense to adjacent brain, confirming the diagnosis of left frontal encephalocele ( Figure 3) .
A left paramedian suboccipital craniectomy revealed a yellowish gray avascular tumor of soft to mildly tenacious consistency. Gross total removal of the tumor was achieved. The histologic examination was compatible with LDD. A subsequent resection of the encephalocele has been programed six months later. The encephalocele was encountered within the left frontal sinus protruding through the posterior table and dural defects. The encephalocele was resected and the dural defect closed. The postoperative course was unremarkable. The patient remained symptomfree at a 12-months follow-up examination.
DISCUSSION
Lhermitte-Duclos disease is a highly unusual and controversial condition characterized by a circumscribed enlargement of cerebellar folia.
Lhermitte and Duclos first reported the disorder in 1920. They described this rare tumor as a combination of a congenital malformation and a neoplasm arising from ganglion cells [5] . Other observers of this particular entity suggested the lesion to be a "hamartoma" or "hyperplasia" [1] . However, the debate about the exact ethiopathogeny of this entity is still in progress.
Dysplastic gangliocytoma of the cerebellum most frequently presents in the third and fourth decades of life, but the age at clinical manifestation ranges from birth to the sixth decade. There is no obvious sex predominance [1, [6] [7] [8] .
Clinically, the duration of symptoms ranges from a few months to more than 10 years. Typically, the cause of clinical presentation is a posterior fossa mass lesion with headaches, cerebellar ataxia, visual disturbances, and other cranial nerve palsies. Symptoms of increased intracranial pressure, such as headaches, vomiting, papilledema, mental disturbances, and loss of consciousness occur in a later stage of the disease caused by the progressive mass effect of the growing lesion [1, 6] .
Isolated orthostatic hypotension and tinnitus are unusual symptoms that can be associated with LDD. Occasionally patients present with sudden neurological deterioration, either spontaneously or following surgical intervention, presumably because of acute or decompensated chronic occlusive hydrocephalus [1, 6, 7] .
Imaging plays a determinant role in the diagnostic of DG [1] . The tumor appears hypoattenuated with no appreciable enhancement on computed tomographic (CT). The diagnostic clue, in such case, is the mass effect, which manifests as compression of the fourth ventricle, effacement of the cerebellopontine angle cistern and hydrocephalus. However, CT remains of limited value in the exploration of a posterior fossa lesion due to the beam-hardening artifacts caused by the petrous temporal bone that obscure the details [1, 9] .
Conventional MRI, associated with diffusion imaging and spectroscopy, is actually the most imaging method able to furnish a definite and preoperative diagnosis [9, 10] . Characteristically, the cerebellum lesion is typically hypointense on T1-weighted sequence. On T2-weighted sequence, LDD appears as a "tiger-striped" cerebellar lesion with unilateral hemispheric expansion and preservation of the gyral pattern. This particular aspect is reported as a specific sign for the diagnosis [9] . The T2 hyperintensity can be explained by the presence of morphological alterations of the cells constituting the inner molecular layer and granular cells, associated with atrophy of the cerebellar white matter, thus confirming the dysplastic and malformative LDD [11] .
Diffusion MR shows a hyperintense area at the level of the lesion, due to the "residual T2-contrast." The administration of paramagnetic contrast material shows no enhancement of the mass, indicating a nonsignificant alteration of the brain blood-barrier and the absence of extracellular edema.
Magnetic resonance spectroscopy reveals a typical spectrum of appearance of a lactate peak and reduction in the choline peak. A significant reduction in choline levels indicates a cellular turnover associated with demyelination and supports the dysplastic nature of the lesion [9, 10] .
The contribution of MR perfusion imaging is also major as it shows an increase in relative cerebral blood volume, relative cerebral blood flow, and mean transit time in the lesion [9] [10] [11] .
Although the detailed relationship is still unknown, LDD is considered to be associated with CS, an autosomal dominant hereditary syndrome characterized by systemic hamartoma lesions and high incidences of systemic malignancies [1, 6, 12] . It is reported that approximately 80% of patients with CS have germline mutation of phosphatase and tensin homolog, which is known as a tumor suppressor gene that maps to chromosome 10q23. As phosphatase and tensin homolog mutations are often found in adult-onset LDD, it is recommended that these patients be investigated for concomitant neoplasms to exclude CS [6, 12, 13] .
Various additional abnormalities have been described in association with LDD. These include megalocephaly, syringomyelia, skeletal anomalies, multiple hemangioma, and mucocutaneous lesions [1, 6, [12] [13] [14] .
To our knowledge, no instance of encephalocele associated with LDD has been reported thus far. Encephaloceles are rare congenital abnormalities; it is characterized by herniation of intracranial components through the cranial and facial bones due to a defect of closure of the anterior neuropore of the neural tube. Frontoethmoidal meningoencephaloceles are common [15] . Encephaloceles can be congenital or acquired secondary to tumor, hydrocephalus or other cause. Its etiology remains poorly understood. Some authors suggest that it could be due to ethnic, genetic, environmental factors, and paternal age [15, 16] .
The association between LDD and encephalocele may be, in our opinion, part of a larger syndrome, and we suspect that many patients with asymptomatic encephalocele have gone undiagnosed in the setting of LDD. The theory of secondary development of encephalocele due to hydrocephalus by the mass effect generated by LDD is very plausible.
Gross total resection is frequently considered to be the foremost treatment of choice. However, due to the absence of a clear margin between normal cerebellum and the tumor intraoperatively, total surgical resection remains challenging, subtotal or partial resection common in the literature [1, 17] .
The prognosis of Lhermitte-Duclos disease has improved over time with advances in neuroimaging, anesthesia, and neurosurgical technique [17, 18] .
The treatment is surgical decompression of the posterior fossa to relieve the mass effect and hydrocephalus. The ill-defined margins of the lesion usually preclude complete excision.
Prior to the widespread availability of MRI, unfavorable outcomes were seen as a consequence of mass effect. The disease may recur, but malignant transformation has not been reported. Due to the indolent nature of this disease, radiation therapy is not indicated [1, 17, 19] .
CONCLUSION
Lhermitte-Duclos disease is a rare tumor. It must be considered as one of the diagnosis when a young adult presents with a nonenhancing mass in the posterior fossa. It is associated with many developmental anomalies. To our knowledge, this is the first report of associating LDD with frontal encephalocele. Even if it is a benign condition, patients with LDD require a long-term followup and familial screening. *********
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